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(57)Abstract: 

PROBLEM TO BE SOLVED: To avoid fetching a 
metastable state into a flip-flop and to synchronize an 
asynchronous signal at a high speed by providing 
multiple combinational circuits composed of frequency- 
dividing circuits which divide the frequency of a 
reference clock and flip-flops. 

SOLUTION: For example, one clock of a reference clock 
signal CLK<t met<(n) clocks and n=2, where (t met) is 
the recovery time of a metastable state generated when 
an asynchronous signal SO is inputted to preceding- 
stage flip-flops 11 and 21. In this case, a frequency- 
dividing circuit 5 halves the frequency of the reference 
clock signal CLK and outputs clock signals 0.5CLK1 and 
0.5CLK2. The asynchronous signal SO is inputted to the 
precedent-stage flip-*fIops 1 1 and 21 at rising of the 
clock signals 0.5CLK1 and 0.5CLK2. The outputs S1 1 
and S21 of the flip-flops 11 and 21 are inputted to 
subsequent-stage flip-flops 12 and 22. Consequently, 
the outputs S12 and S22 become stable signals evading 
the metastable state. 
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25, ^oy^fi-^0. 3 3CLKl©4±iS^W 

^■S0$:, ?u y?m^0. 3 3CLK105i±^f9-e 

^tfi^©7 y ^ 7 P 7 p ^ 7 P i i ©ffi^ s i 1 1:, t< 

tt, H (T^T^^fi) tftom^^Aft- 

Otf*. ^n^^ff-i-0. 3 3CLK105i_b^i9 ^p^p 
Hfc«ffcrSJ:, ■flS»O*nWBflr*S0*r, *n 
y?it^0. 3 3 C L K 1 ^S±^ D TMtfM^7 
y^7 p 7P5'7'll^Sll|:, ^^^^-^tt 
J8dS»^i-So ^^|f0. 33CLK1^ 

bl**y?&tltL. tvyt^^O. 33CLK2© 

7ny7 p 2 1(DttJ*S2lH *raJB« #S 0 d^gc^b 
■CV>5C0T% H^S, X^. ^ci^^fi-^0. 3 3C 
LK2*^l^Bs/^aiX^ ^ny^fttO. 33C 
LK3(D4B5i)t, #P3»]fi#S 0£r, fl«*irtira<0 
7y ^7P^3 1 com^s 3 lii, #f^JH«-f§-S 0 

3 3CLKlW4J:^^t\ i^7y ^70^1 

1 COtU^S 1 1 &9LT&tf&Bt<D7 y y^7P S^l 2 CO 
ffl* S 1 2 W\ **XT — 7/l'ftWi<DE\W%Wl t m e t 

a±o3^py^«-eMo-c, us©7y^7Py 
n<D®w&. hj*s i iasH£fc*tf>-c, 7y^7 p 7P 

S^l 2(7)ffl^S 1 2f4Hfc*5p WPy^M 
0. 3 3CLK2C05:_b^i9-x:% i^yy^Pj/ 
7*2 1 60ffi^S 2 1 *Raitf«a0 7 y 5'/7P77 P 2 
2^m^S2 2(l, »7yy^7Py7 p 2 10ffi^ 
S2 1^HT?*50-e, HfcftSo #C<D^pz^ 
It-^-O. 3 3CLK3^4±^<9t% lt^<7)7y ^7 P 7 
ci ^3/3 1 ^ffi^JS 3 1 &m&tr&&(D*7 y y^Bji 
^3 2<OUi*S 3 2tt, i»©7y^7By^3 1© 

tti^js 3 l^H-efe^co-e, h^* So W7y^7 p 

7By^l 2C0ttl^S 12t, »7y y^fyuyf 

2 2<7>m^S 2 2^; M©7y y^7B^3 2COffl 
^S3 2^(DilfP^S|[t5, 3AW7^h4a 
COffl^-efeSP^A^S 4 alt 2^os/^ffir^HJCft 
So ^ISlfflfflt S 0 ©S»^ n y C L Kl:»t 
6, fl#IBttaaft<0 1 ^ p (1 + 3) 

4 a co^j&Sr^'r So 

[0 04 1] *&m<Dm 3 60^00^^, 2 A^j^-r 
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[0042] H8i;i«i-i§MSi;i:m*-c* ftmmm^so 

omiB^> *Rlffl«#S0 3&S, ^n^ff^O. 5C 

1 k i <d&±& *) t mm^ l (y^r^^^^ffi) 

K2Ert:L, *ft^*ISJ(!flr*SO«r, 9*y9m^ 

o. 5 c l k i <oi±^ ?) -r?siatpwa<o.7 y 

y^lioiiiASlii:, ^^^x— y^ttl»30 s «* 

0. 5 C L K 1 OfiLbrt* ?) tPW:, LfCiE{b-r6^, 
tt^«fS0?r, ^ny^«#0. 5CLK 

vy?m-ZtO. 5CLKl^f) 1 ^ n :y ^ j&ftfc, *n 
y^ff-i-O. 5 01X2041^5^ *R)WlfS0 
£:> »5itfifS©7 !) y ^7 n ;x^2 1 Offi* S 2 1 

y ^7a^i lc^m^S 1 1 &8ii&tf«aw:7y s> 
^ayyi 2<Z>tiJ;t/S 1 2 :7VHfc«<D 
[Uffi^ra t me t Sk±<D2 9 n ^^ft^50T% 
(07y S /7'7n^l l^ai^JS 1 ll^LT^^ 

?/i>ftm<Dmm&. mtis 1 i#Lt45o 

X% 7y 5/7^70^1 2(7)t±i^jS 1 2 JiL <h#£o 9: 
(O^ny^ff-^0. 5CLK2<D:£±^9T\ ]iu^7 
y ^7n^2 lOffi^S 2 1 «r8l&if«©tf>:7y y 

Zf2 KDmtlS 2 IdSL-efcSO-e, Li45„ Elite 
*5ttS, »a0 7JJ ^70^1 2<£>m*!S 1 2£*£ 
S©7 y ^7n^2 2<£>m*S 2 2 <DS&3SfP£Si3S 

^70^1 2<Dt±i^S 1 2 t»7 y i/^7D^y 

2 2 Wttl* S 2 2 ©»iaSr**t 5 2 A*r V K^- 
h 4 b<Dffi*-e*>5|Rl»!«#S 4 btt, l?vy*mz. 
LfCfc*. S 0 ©Sfll^ o y ^fttC L Kl: 

*ti-$. mmtom»<oi9w9&to?L, (n-2) * 
o^t, #ra»fli*so«>«ift«rwifflftbr, mmm 

[0 0 4 3]fflM4^Wifl, 7y^7 
ny^^r, 9^y9t^"T— 9&ty&tf<D&o ru off 

»3H*«3E-rst<o-efe9. »7y^7P^i 

1, 2US^7yy7 P 7P^^12, 2 2^-h 

ft^7y >>7 p 7P5/7 p icim> -£ive*K «r»<z>y- 
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htt£7l) s/^D^llg, 2 1 g t. %$k<nV— 
h^7y 2 y7 P 7n 5 /7 p 12g, 2 2gtU 1foWL<D? 

- hf+^y ^70^1^, 2i g ^, 

-htt§7y : y7 P 7o : /7 > 12g, 22g^a^ 

#^y ^70^1 1 g^M^-hft#7y^7 p 
7P^7 p 12g(0y-h^ #JB®!8 5<DHJ*i-5*n 
y?m^0. 5 CLK 1 IC^HU »Soy- hf+*7 
y 7 7'7a^7 P 2 1 g tM^- htt$7V ^7n 

^22g^-h^ #«iiifc5<&atfr*-a*n</* 

EllOtc. »4<oS5jBSO»<R«r^1"lHl»©^ r n y9^ 

[0 0 4 4] Ell Oi^-rtEj&lC^l^T, ^o^^ff-^ 
0. 5CLK1#, ltiaoy-h^t#^y ^7D>^ 
1 1 g(0£ip^ n s/^m#CLKCQ&±ri*!9 ^£57*— 

tt) KXftU aE{fc«PO*W)!)!flr*S0«r, S*^n-/ 
7 7 P 7n ? /7 P llg^Sllg|:, ^9^—^^ 

-^-f^ttffi) tte^izm&vfjj*?-*— b*. g!ii 

y?<r>#— b&H<Dm, 9 9 *ttbfr iff 

— 9<D"&^Zho n) , LCD^p, 9*y9tW*- 9 ZWSh 
*4V> (^-^Btfi^o f f) it5o ^o>y^{f-^ 
0. 5CLK1^H^'4^ »y-h^#7yyy 
7ay^ll g^£!p*ay*«#CLK<&4JWS*Mc: 

#0. 5 CLK lttH-CfcS-) , Bti&tffltra^y— hf* 
*7y^7B^ll g<£>tti;^S 1 1 g td. *9*"r 
-^l^^^tSo — 9*y9m*§r0. 5CL 
KlA^l^ny^int, ^oy^«#0. 5CLK 
2^H^*<9, S9aoy— htt£7V s/^70 ^2 1 
g OS*^ n ^fs^-C L Kco4±d5 V \Z.£Z>y*—9<D 
Sii^ontU *S)l^i3y^«*CLK(Ofi[±3d5!9 
X* C*, ^D-/^{f#0. 5CLK2fiH"Cfe 

s) , »d^so^ sti&tffflraoy— bf+#^y 

3/^70^2 1 gCDtii^S 2 1gtt, *I^»«#S 0 

O, ^n>y^>fH-i-0. 5CLK1^H, ^)^o, a 
jx^ft*CLKOSr_hdS!9t?, IB»^-bttt7!l y 
^7ny^l 1 g^S 1 1 g Sr«[j&tP««©y— h 
##7y S /7'7ny7 p 12gOffl*S12gH 
v^— y^|fi(D[Hl«^ra t m e t«±(D2^ny^it 

fcso-e, s&aoy— M^#7y *^7p^i 
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7!)^/7D«^12 g COffi^jS 1 2gttHi6i. JE 
tC s l^n^^inWO, fuytm^O. 5CLK 

i^-h##7y y/7D^21 gOttlAS 2 1 

m^js2 2gfi, straoy— hfts^y y^7ny^2 
i gootb^s 2 i gdSH-efc^co-c, Hi**. %fk<r> 

hf+#^y y/7n^l2 gCDUi^S 1 2 g t , 
«a^-hft#7y y7 , 7n ; /7 P 2 2 g^ft^S 2 2 

g ^ssftSr^-rs 2 a^t y- b 4 com* 
^Mf S4ft i y^ffltcH^ftSo :^)i5 

*Wfflflr#S0O*aS^ny^«#CLK|C*M- 
5, B$PiflW3EKjC0 1 ^ ay Jo*., (1 + 2) 
*x\ ^Mfsooii^wti:, unfits 

/llg, 2 1gi:, M^-bft#7y S /7 > 7Ps/ 
/12g, 2 2 g #H[Hl»5tt\ I^D^flf 
CLK^4±^^ifH*5^ **9j0>S54<BjH6 

^7Bj/W-h4:, H (o n) , L (o f f ) ffifll 

[oo4 6] ±E*«s»r©*, tevtm* 
[0047] #hic»v^t, bi— »rt»*^r±n 

[0 0 4 8] 

[JSM^Jji*] *38Wl-J:t), y ^^-^/WDfl^Sr 
711 *^7ny:7tc*&tr©*rau d^o*ra»«-?r 

[0 1 1 *^^^>® i <Dmm<nmm*?Fir®?&<Dzfv y 

[B2] Blfc^HKlii^-C, #MIfS0^ 
* o y ^ f§-5§- 0 . 5 C L K 1 co£_L# V) £ (^^{d, H 

^ny^ff-^O. 5CLKlC0S:±d^-C^t?SiI 
i^7y5/7 p 7n S /yil^Sll{: > ^^^7^— 

So 

[13] Ell ^i-[IJS§tC:fc^-t, *RU8ft#S 0 
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^ny^ft-i-O. 5 C L K 2 cDSLhtfS 9 irf^^ld, H 

fvytm^O. 5 C L K 2 19 -cfti&tfW 

^7y^y7n5/^2 1C0^S2 1|:, y**X~ 

[04] H u-*-rB»ic*3vvr, *n«Mt*S0 3fts, 

^D^^fifO. 5 CLK 103i±^«9 iP^C, H 
10 (T^^JRffi) fcSMbU a£fls*<o#IHJHflr#SO 
Sr. ^czy^ff-i-O. 5 C L K 1 <D*L±fr D "C#&tpffiT 
I£cd:7 y 1 (DttJ^iS l l tc, y**^— 

[05] m 1 id«na*tc*3v^r, Miitso^, 

^D^^ff-i-0. 5CLK2<Z)SC±^i9-cStiitpSfr 
20 ^7yy7 P 7D^7 P 2 1^)^S2 1^ y**^ — 

[EI 6] *WW©IB2 05*lt<0»lB*r*-ria*o^ay 
[El 7] H6^i-|HiKJc*3v>r, ^flfso^ 
(t^tv^so i^tu, »b#«>#iRiJ(iflr#so 

^ny^ft^-0. 3 3CLKl(Di±^i9t^tf 
30 ffiWKD?}) ^7D^1 K^tJb^lS 1 lid, y^^T" 

[0 8] **M^JB3(^*JKo««*:^im»o^i3y 
[0 9] 0 8{^-T©K^*5V^, #RJH«#S0iS, 

(y >t*tm:/<£«0 ic^bt, ^teBfo^p#Hft 

SO^ ^ny^fM-O. 5CLKl©4±a5 5-e8j& 

40 tfttr^^^ y y7"7D 1 (T^ai^is 1 1 y 

[010] *&m<nm4<DMM<DMm&7F'i-\3\l&<D7ti 

[011] 01 O^-TEHj&td^T, ^o>y^ft# 
0. 5CLK1^ 8tS^-h##7!)y^7Py^ 
1 1 g ©Sfp^ n y ^ fit C L K«)4±iS 9 J: 

50 aft* 0 i rb»ic #njH«#soa*, h (r^^^y^ 
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tt) U »W»©#IWJI«*S0«r, SJp^ny 

j/^Dj-yi i groups i i gic * 9*7—-? iv 

[El 2] fBfcoHflftiailOiaiScr/ns/^BI-Cfc 

[eii 3] i2i z\tt^*<nwmmi&<r>9 4 j**?-* 
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0. 5CLK1 ^ns^ft* 
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S 2 1 
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S 1 1 g 

S 1 2 g 

s 2 1 g 

mti 

S 2 2 g 
IB* 

S 4 

S 4 a 
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1 1 x 

1 2 x 

S 1 1 x 
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5 CLK 2 ?vy?{B-f§r 
33CLK1 ?tiy?iB-% 
3 3 CLK 2 ?vy?{B-% 
3 3 CLK 3 

tti&nyy y^yuy^i i <omJi 
%.Wt<F>yy y-fyxi yfX 2<DmJl 

ffiWL<oyy y^yuy^z itomts 

«»©7y y^yn y-fl 2 <DMJ] 

fft&coy}) yzfynyyz i^ 

S^7y yZfyay?3 2 CO Hi Jl 

fft&<D?-htt%yV y^yuy^X lg© 



&&t<Dff—httZ7» yzfyayyi 2%<n 
y^yxxyf2 2 g<D 



2Ajj*TV-h4<D&Zi 
3A^t/y- h 4 a ^m^? 
2A^Ty Ky— h4 bOW^ 

m&<&y y 

sa©7 y ^7p^ 
#i&t<o7!) y?yuy-f\ lcomti 
yyVy^yvyfi 2<Dmti 
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0-5CLK2 
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SO 



0.33CLK1 



0.33CLK2 



Q.33CLK3 
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.D Q 



.CP QN 



21 

D Q 
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CP QN 



S21 



31 



D Q 



CP QN 



S31 




D Q 



CP QN 



S4a 
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0J3CLK1 ^ 




0.33CLK2 w 


^ 

0-33CLK2 ^ 
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[17] 





Q.5CLK2 
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[|10] 



90 



0.6CLK1 



□•5CLK2 



G 4 
CP QN 



Sllg 



2U 
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CP 
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S21g 
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D Q 
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D Q 


S22g 
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S4 
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0.6CLK1 
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a scua 

(X5CLK2 



[Hill] 



SUi 

S21e 
Sl2g 



1CLK 



2CLK 



[mi 2] 



llz 



12x 



SO 



0.5CLR1 



D Q 



CP QN 



Sllx 



D Q 



CP QN 



S12x 



5x 



CLK 






0.5CLK1 
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[013] 




2CLK ^ t 2CLK 



I 
I 
I 

S12s ! [ 



2CLK 



